Data from the DMSP/F7 satellite dosimeter star event counters are presented. The 
I. INTRODUCTION
Microelectronics devices are susceptible to upsets, called single event upsets (SEUs), in high energy particle environments.
In the near-Earth region of space, harsh particle environments are continuously present in the radiation belts, and occur sporadically at high latitudes during solar proton events. As satellite systems require more complex and smaller microelectronics components, the need for understanding the impact on them from the space environment has also grown. This has mainly been accomplished by ground testing of devices in accelerator-produced beams and by theoretical modeling. Statistically meaningful measurements of single event upset environments have not previously been performed in space.
II. INSTRUMENTATION
To determine areas of potential SEU upsets in low-altitude near-Earth space, a dosimeter with the capability of separately counting very high energy deposits in its solid state detectors was placed on the DMSP/F7 satellite. The dosimeter measures the number of star events as well as the radiation dose from both electrons and protons in four p-i-n diffused junction silicon semiconductors behind four different thicknesses of aluminum shielding.
In addition, it provides information on the differential and integral fluxes of electrons and protons at energies above the thresholds defined by the shields.
(A complete description of the instrument can be found in Gussenhoven et al.1) The aluminum shields are chosen to provide proton energy thresholds for the four detectors of 20, 35, 51, and 75 MeV. The shielding effectiveness for protons is presented in Table 1 . The lowest energy threshold sensor (that under dome 1) has a detector area of .051 cm2 and the remaining three each have areas of 1.00 cm>. Particles which penetrate the shield will deposit energy in the solid state sensor producing a charge pulse.
The pulse height is proportional to the energy deposition in the detector. The characteristics of the detector and the threshold are such that energy depositions above =40 MeV in detectors 1, 2, and 4, and =75 MeV in detector 3, are counted as very high linear energy transfer or "star" events. A summary of the detector properties and shielding is given in Table 2 . The "star" counts come from a.) high energy nuclear (mostly proton induced) interactions inside and /or near the sensitive device element, b.) direct energy deposition by heavier cosmic rays, or c.) direct energy deposition by protons that have long path lengths in the detectors. These will be referred to as a.) nuclear stars, b.) cosmic ray events and c.) direct deposit proton events below.
In order for the protons to directly produce a pulse in the detector, they must have sufficient path length in the detector to deposit energy at the threshold response level (=40 MeV or r75 MeV depending on the detector).
The range/energy deposition relationship for an infinite slab of silicon approximately 400 microns thick is: cos Omin= 33.9 (Ein1.8-(Ein-EO)1.8) 1, (1) where: Ein = the proton energy incident on the silicon, Eo = the deposition energy necessary to produce a pulse, and Omin = the minimum angle of incidence of the particle to produce sufficient path length for a pulse. Obviously a particle incident at 90°in an infinite slab with energy above the threshold response level would always produce a pulse. However, because the detectors we are using are not U.S. Government work not protected by U.S. copyright. infinite, their small lateral dimensions must be taken into account, and only a very narrow angular and energy range of particles can produce pulses by direct deposition. In detectors 1 and 3, in fact, no pulses can be produced by direct proton energy deposit since the total path length is too short for the energy threshold levels. In detectors 2 and 4, only protons incident between approximately 87.50 and 90°with external energies between approximately 55 MeV and 58 MeV for detector 2 and between approximately 85 MeV and 88 MeV for detector 4 can produce pulses. Protons below these energies do not have sufficient energy to produce pulses, and protons above these energies will pass through the detectors without depositing sufficient energy. For heavier mass particles, calculating the range energy relationships show that particles must have a mass of at least oxygen to deposit sufficient energy perpendicular (cos emin 0) to the detector to produce a pulse.
Particles with masses less than oxygen (such as helium) must be incident at an angle less than the normal to produce a pulse. The differences in the shielding, detector area, and response characteristics of the 4 detectors will be used to gain insight into the properties of the particles creating the pulses.
III. DATA SPATIAL EXTENT AND EXAMPLES
The DMSP/F7 satellite which carries the dosimeter was launched in November 1983. It is in a sunsynchronous, circular polar orbit at an altitude of 840 km, has an inclination of 98.80, has an orbital period of 101 min, and is three-axis stabilized so the dosimeter is always pointing away from the Earth. The orbit of the satellite subjects the spacecraft to a portion of the three major near-Earth proton and heavy ion regions, each of which exhibits different spatial and temporal behavior. The first of these regions is in the polar caps where particles have access to nearEarth space along the magnetic field lines that directly connect to interplanetary space. This region is especially dynamic during solar flare periods when the magnetic field connection between the sun and the Earth is good. The Earth's rotation resulting in incomplete coverage of all 10 by 10 bins. The maps provide information on the particle populations producing the high energy deposits which will be discussed below. During this period, no solar proton events were seen in the data. Table 4 gives the yearly average count rate ratios for these 4 regions for each detector.
As mentioned above, detectors and 3 do not measure any counts due to direct energy deposition by protons. This means that in these two detectors, only nuclear star events and direct cosmic ray events with appropriate masses and incident angles produce all the counts.
In Table 3 we know that energy deposits in the detectors in the Middle Latitude (ML) region are almost entirely due to extremely high energy cosmic rays.
The geomagnetic cutoff of the Earth's magnetic field prohibits normal solar protons from directly entering into this region of space. We also know that energy deposits in the detectors in the South Atlantic Anomaly (SAA) region are due almost entirely to protons from the inner belt trapped particle population. By comparing ratios from the polar regions (NP and SP) to these two very different particle regimes between the 2 detectors however, reduces this factor somewhat. From Table 4 it can be seen that factor is 1-17.4 for the cosmic ray dominated middle latitude region. For the proton dominated SAA region, the factor could be more or less than the 17.4 depending on the shape of the proton spectrum, but could not be significantly different. Subtracting the estimate of the detector 2 nuclear stars (determined by multiplying detector 1 by 17.4) from the total detector 2 counts in Table 3 shows that for the SAA region the direct deposit protons in detector 2 are, on the average, approximately a factor of 2 greater than the nuclear star counts.
Since detectors 2 and 4 differ only in their shielding thickness, their areas and detector thresholds being the same, shielding effectiveness can be estimated by examining the counts ratio of these two detectors.
In the mid-latitude and polar regions where the higher energy cosmic rays dominate, the shielding effectiveness is only 10% or less. In the SAA where the protons dominate, the shielding effectiveness is much greater because the energetic proton spectrum is softer. Even in the SAA region, there are major differences in the hardness of the spectra as a function of position. Figure 7 shows the ratio of average star count rates for detector 2 to detector 4 for the period from November 1984 We can separate nuclear stars from direct deposits in detector 2 by comparing the data from detectors 1 and 2. We know that detector 1 responds only to nuclear stars and detector 2 responds to both nuclear stars and direct proton deposition in the region of the SAA.
The number of nuclear stars (statistically speaking) in detector 2 differ from those in detector 1 primarily by the relative detector area factor of \'19.6.
The shielding difference FIGURE 7. Gray scale plot of star count ratios of detector 2 to detector 4.
The dosimeter star data can also be used to study solar proton events. Here we examine the peak periods of the 2 larger solar proton events seen in Figures 1  and 2 . The peaks of the events were on 16 February 1984 and 26 April 1984.
Since the events are only seen in the polar regions, only the polar region data is used. The 2 polar cap regions were added together to get better statistics for the event days. Table 5 gives the average count rates for 1985 and for the 2 proton event peaks for comparison. It is obvious that during the events the number of energetic particles that can produce 40 MeV pulses (detectors 1, 2, and 4) can go up significantly from factors of approximately 2 to 50 depending on shielding thickness. It is also evident that with a shielding equivalent of 3 gm/cm2 (detector 3), there is less than a factor of 2 increase in particles that can produce a 75 MeV pulse. Although neither proton event was as hard as the natural cosmic ray background (1985 average with no proton events) from a spectral hardness point of view, the February event contained a much higher proportion of higher energy particles then did the April event and its absolute numbers approached those of the April event for the higher energy detectors. The softness of these flare spectra probably accounts for the fact that large SEU rates have not been experienced on operational spacecraft during flare periods to date. 
V. CONCLUSION
From the data presented, it can be seen that the probability of getting upsets in space is highest for proton sensitive devices in the region of the SAA, with the next highest probability in the polar regions. For devices not proton sensitive the highest probability of upsets is in the polar regions. Counts observed at mid and low latitudes outside the proton belt and the polar regions are almost entirely due to higher energy cosmic rays of heavier (mass number .22) particles that penetrate beyond the magnetic cutoff region.
Although these counts are statistically small, they can be observed anywhere in an 840 km orbit and could produce problems for sensitive electronic components. And, if Murphy's Law prevails, the question will always be, "Why did that particular bit upset when we were performing a critical task?"
